Enteric protozoa infection among cattle may pose a threat to productivity and survival leading to negative impacts on the livestock industry. A number of these pathogens are also known to be zoonotic and are of public health concern. Despite the importance of these enteric protozoa to both animal and human health, there remains a paucity of published information on the epidemiological risk factors that may be associated with bovine cryptosporidiosis in Southeast Asia. The present study was undertaken to determine the molecular prevalence and associated risk factors for Cryptosporidium infection among beef and dairy cattle in Peninsular Malaysia. Faecal samples were collected from 824 cattle in 39 farms (526 beef and 298 dairy) situated in 33 locations throughout the country, and subjected to PCR detection for Cryptosporidium using primers targeting the 18S SSUrRNA gene. Epidemiological variables including host, environment and management factors were subjected to univariate and multivariate logistic regression analyses to determine the potential risk factors for infection. The prevalence of Cryptosporidium among the cattle was 12.5%, with significant difference in the infection rate among the various breeds. There was no significant effect of gender, and both the beef and dairy cattle were at similar odds for infection. The younger cattle had a significantly higher infection rate compared to the older animals. Multivariate analysis revealed that deworming practice, distance to human settlement, geographical location (zone) and farm management system were significant risk factors associated with Cryptosporidium infection. The cattle that were reared on farms located in the northeast of the country, closest (≤200 m) to human settlements, reared extensively, and dewormed every four months were at highest risk of infection. The present study constitutes the first attempt to analyze the multivariable epidemiological risk factors involved in bovine cryptosporidiosis in Malaysia and in Southeast Asia. It is envisaged that the data obtained will facilitate better control and prevention measures for Cryptosporidium infection among cattle in the region. Due to the potential zoonotic nature of the infection, serious steps should be instituted for animal treatment and biohazard waste management on local cattle farms. 
Introduction
Epidemiological studies including risk factor analysis for enteric protozoa infection among cattle are important as these parasites pose a threat to the productivity and survival of the animals (Casemore et al., 1997; Mohammed et al., 1999; Tung et al., 2012; Jacobson et al., 2018) , and thus may exert negative impacts on the industry. In addition, a number of these enteric protozoa are of public health concern as zoonotic transmissions may occur to the animal handlers and those exposed to contaminated water, food, and animal products. One of the important causative agents of protozoa infections among animals is Cryptosporidium which is a widely distributed and infect a diversity of vertebrates including reptiles, birds, fish, mammals and humans (Fayer et al., 1997; Fayer, 2004; Xiao et al., 2004; Ryan et al., 2014) . Cryptosporidium infects the gastrointestinal tract and is transmitted through the ingestion of oocysts found in contaminated food or water (Fayer, 2004; Robertson and Fayer, 2013) . While subclinical infections are common, Cryptosporidium may cause enteritis leading to severe watery diarrhea and abdominal pain (Kosek et al., 2001; Chen et al., 2002; Kotloff et al., 2013) . In addition, immuno-compromised hosts may suffer chronic infections which can be severe and fatal (Palit et al., 2005; Cohen et al., 2006; Siwila et al., 2007) .
Cattle are known to be infected with a number of Cryptosporidium species, namely, C. parvum, C. bovis, C. ryanae, C. andersoni and C. ubiquitum (Ryan et al., 2014) . Infected individuals may excrete large number of Cryptosporidium oocysts in their faeces resulting in contamination of drinking and recreational water, fruits and vegetables, leading to infections in humans and other animals (Del Coco et al., 2008) . Cryptosporidiosis in calves and lambs are considered to be the main source for human cryptosporidiosis (Sari et al., 2009) , a disease that is widely distributed in many countries. Previous studies on the prevalence of Cryptosporidium on livestock farms in Malaysia (Fatimah et al., 1995a, b; Farizawati et al., 2005; Hisamuddin et al., 2016; Tan et al., 2017) have focused mainly on traditional microscopy detection using formalin ether concentration or faecal smears with acid fast staining. It is therefore important to employ more sensitive molecular detection techniques which have proven effective in determining the prevalence and co-infection status of enteric parasites among local ruminant livestock (Lim et al., 2013; Tan et al., 2013 Tan et al., , 2014 . With the exception of studies by Halim et al. (2008) , Muhid et al. (2011) and Yap et al. (2016) on the molecular detection of Cryptosporidium in selected areas in Peninsular Malaysia, there remains a lack of information on the molecular epidemiology and spatial distribution of the infection among cattle throughout the country and in the Southeast Asian region. The present study therefore, aims to determine the molecular prevalence and epidemiological risk factors associated with Cryptosporidium infection among beef and dairy cattle over a widespread sampling area throughout Peninsular Malaysia.
Materials and methods

Study area
The study was conducted in Peninsular Malaysia, located at the southern-most tip of the Asian mainland, bordered by Thailand in the north, and separated from Singapore by the straits of Johor in the south. Peninsular Malaysia experiences a hot tropical climate year round with a relative humidity ranging from 70 to 90% and temperatures between 19.0 and 39.3°C in the lowlands (Malaysian Meteorological Department, 2016) . There is copious rainfall throughout the year (2000 mm average), and the maximum limits are reached between the months of November to January, with a short dry spell in June and July. For sampling purposes, the country was arbitrarily divided into six zones (Fig. 1) 
Sample population and faecal collection
A total of 824 heads of cattle (526 beef and 298 dairy) were sampled from 39 farms in 33 locations throughout Peninsular Malaysia (Fig. 1) . Sampling was carried out using a cross-sectional study design and animals were selected by convenience and willingness of cattle owners. A range of 15-25 animals were sampled from each farm, representing the different age groups, gender and physiological status. Faecal samples were collected per rectum from each animal using sterile gloves, placed into clean plastic bags and transported on ice to the Parasitology Laboratory, Faculty of Veterinary Medicine, Universiti Putra Malaysia. Aliquots of faecal samples were stored at −20°C for subsequent DNA extraction.
PCR detection of Cryptosporidium
Deoxyribonucleic acid (DNA) was extracted from each faecal sample using the Qiagen QIAamp® stool kit according to the manufacturers' protocol. Nested PCR amplification was performed on the extracted genomic DNA to amplify a partial fragment of the Cryptosporidium 18S SSUrRNA gene using oligonucleotide primers and thermocyclic profiles described by Yap et al. (2016) . Amplifications were carried out in 25 μl reactions comprising 100-150 ng genomic DNA, 1× reaction buffer (Green GoTag Flexi Buffer, Promega Madison, USA), 5 mM of each deoxynucleoside triphosphate (Promega), 5 mM MgCl 2 (Promega Madison, USA), 1 mM of each primer, and 0.5 units of Taq DNA polymerase (Promega Madison, USA). Negative controls (template DNA substituted with sterile Type-1 + purified water) and positive controls (positive samples confirmed by sequencing of amplicons) were included into each PCR run. The amplicons were electrophoresed on a 2% agarose gel at 100 V with TAE (Tris-acetic acid-EDTA) buffer, stained with ethidium bromide, and viewed under a UV transilluminator. In order to prevent cross-contamination, work areas were designated solely for DNA extraction, PCR reagent preparation, and PCR amplification. Reagent preparation was done in a dedicated biosafety cabinet which was UV illuminated at the end of each session. Representative positive amplicons were excised from the agarose gel with a sterile scalpel and purified using the QIAquick® Gel Extraction Kit (Qiagen, Germany) according to the manufacturers' protocol. The concentration of the gel purified DNA was determined by measuring the absorbance at 260 nm and subsequently sequenced using the BigDye® Terminator v3.1 cycle sequencing kit (Applied Biosystems, USA). To facilitate identification, the sequences obtained were compared with 18S SSUrRNA gene fragments of Cryptosporidium curated by the National Center for Biotechnology Information (NCBI) GenBank using the Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) .
Questionnaire and statistical analysis
To determine the risk factors associated with enteric protozoa of cattle, a structured questionnaire containing open-ended and closed ended (dichotomous or multiple choice) questions were designed to obtain information on the host (cattle) factors (breed, age, sex, physiological status and production type) environmental factors (location, state, zone, distance to body of water, and distance to human settlement), and management factors (herd owner, farm size, farm type, herd size, farm age, management system, quarantine period and deworming schedule). The questionnaires were filled by having a face to face interaction with the farm owners or managers. Geographical location from each participating farm was collected using a global positioning system (GPS) hand-held device. Epidemiological data were analyzed using the Statistical Package for Social Sciences version 22.0 (SPSS Inc. Chicago, Illinois). The prevalence of the parasite, the spatial distribution in each zone and risk factors associated with the parasite were statistically analyzed using the Chi Square test (univariable and multivariable models) for discrete variables at a 95% Confidence Interval.
Results
The prevalence of Cryptosporidium infection among the cattle examined in this study was 12.5%. There was a significant difference in the infection rate among the various breeds of cattle examined (Table 1 ). The highest prevalence (32.4%) was seen in the Mafriwal breed, followed by the Friesian x Jersey crosses (22.7%). Infection with this enteric protozoa was not detected in the indigenous cattle breed [Kedah-Kelantan (KK)] x Friesian and the Brahman cattle. Among the infected cattle, the KK had the lowest prevalence (2.5%) followed by the Brangus x Bradford crosses (3.9%), and the KK x Yellow China (4.0%). There was no significant effect (p = 0.99) of gender on the prevalence of Cryptosporidium, and both the beef and dairy cattle were at similar odds for infection with the parasite. The younger cattle (≤1 years) had a significantly higher (p = 0.04) infection rate compared to the older animals, where the odds of infection were more than twice that of cattle more than five years of age. The lactating cows harbored a significantly lower (p = 0.02) rate of infection (7.8%) compared to conspecifics in the other physiological status categories. Cattle reared on farms located in the northern region of the country showed the highest prevalence (29.0%) of Cryptosporidium, and were at significantly higher (p b 0.01) risk of being infected.
The herd size and the age of the farm did not exert significant effects on the prevalence of the parasite. However, the infection prevalence was significantly higher (27.0%, p = 0.01) in the semi-government owned cattle farms, but lower in the government (4.3%), private (11.3%) and cooperative (10.0%) owned farms. The intensively manage cattle exhibit a higher prevalence (24.0%) with Cryptosporidium, compared to the animals managed in the semi-intensive (11.0%) and extensive (13.7%) production systems.
Interestingly, the cattle that were not subjected to on-farm quarantine or those that were quarantined for less than one week had a significantly lower (p = 0.01) prevalence compared to those that were quarantined for longer periods. In addition, the cattle that were dewormed most regularly (every three months) showed the highest prevalence (17.3%) with Cryptosporidium. Infection with this protozoa was not significantly different among the cattle dewormed at other regular intervals or those that were not dewormed at all. The prevalence of Cryptosporidium was significantly higher (p = 0.01) on farms situated a distance of N500-1000 m from human settlement, although there was no distinct spatial trend of infection. In contrast, the farms that were situated at this distance from open water bodies had the lowest (4.1%) infection rates with the parasite.
A summary of the univariate model showed that factors including breed, age (years), physiological status, geographical location (zone), herd owner, management system, farm size, quarantine period, deworming frequency, distance to human settlement, and distance to water body were all significantly associated with the infection (Table 1) . These putative risk factors were subjected to multivariable logistic regression (Table 2) , which revealed that deworming practice, distance to human settlement, geographical location (zone) and farm management system were risk factors associated with Cryptosporidium infection. The animals that were dewormed every four months were at highest odds (5.45 times) of being infected while those that were dewormed at intervals of six months had the lowest odds (0.556) of being infected with this enteropathogen. Cattle farms that were located closest (≤200 m) to human settlements were at highest risk (OR = 1.333) of being infected with Cryptosporidium, while those located between 500 and 1500 m away were at significantly lower risk (OR = 0.131, p = 0.01). Higher odds of infection (OR = 2.209) was observed for cattle farms located in the northeast zone of the country. Cattle reared extensively (open pasture and free grazing) were at highest risk of infection, where they were over 2.5 times more likely to harbor this enteric protozoa compare to those reared in the intensive management system. The cattle reared semi-intensively (closed paddock pasture and feedlot) were the least likely to be infected with Cryptosporidium.
Discussion
This study constitutes the first attempt in identifying the epidemiological risk factors involved in Cryptosporidium infection among cattle in Peninsular Malaysia, and through multivariate epidemiological factor analysis, provides a more comprehensive representation of the infection risks for bovine cryptosporidiosis in Southeast Asia. Epidemiological information on parasitic diseases is an important facet in designing and implementing operational control procedures. It also facilitates clinical diagnosis, treatment, and informs on the possibility of the spread of a specific disease. Risk factors associated with gastrointestinal parasitic infection among ruminant livestock in Southeast Asia are known to depend on age and immunity levels of the animals, farm management, and climatic conditions (Tung et al., 2012; Tan et al., 2017) . Environmental contamination is also of pivotal concern, especially in developing countries where proper farms waste treatment and disposal management are still lacking (Trotz-Williams et al., 2007) . In the tropics, enteric parasite infections among ruminants occur all year round, with higher infection intensities observed after the rainy season (Jittapalapong et al., 1987) . In spite of the high seasonal prevalence and public health concerns, there remains a paucity of published data on the molecular epidemiology of enteric protozoa infections among ruminant livestock in many Southeast Asian countries including Malaysia.
The overall prevalence of Cryptosporidium in this study (12.5%) is considered to be moderate. Previous studies focusing on Cryptosporidium infection among local ruminant livestock have demonstrated a microscopy prevalence ranging from 0.2 to 36.0% (Fatimah et al., 1995a, b; Muhid et al., 2011; Hisamuddin et al., 2016; Tan et al., 2017) . Recently, Yap et al. (2016) used PCR to detect and genetically characterize Cryptosporidium in faecal samples from a cohort of 215 asymptomatic cattle (of different ages) from six farms in five states of Peninsular Malaysia. They reported a molecular prevalence of 3.2%, which is lower than that detected in the present investigation. These discrepancies in the infection rates of Cryptosporidium among ruminant livestock in the country may be attributed to the sampling effort in terms of animal numbers and spatial representation, as well as possible challenges in diagnosis by microscopy.
This study has also revealed that the prevalence of Cryptosporidium was highest among cattle that were less than a year old. The present data is in agreement with a number of previous studies that demonstrated a significant association between age and Cryptosporidium prevalence, with the highest infection rates reported in the younger animals (Mohammed et al., 1999; Santin et al., 2004; Geurden et al., 2006; Trotz-Williams et al., 2007; Brook et al., 2008; Ranjbar-Bahadori et al., 2011; Hisamuddin et al., 2016; Yap et al., 2016) . Molecular detection (Yap et al., 2016) revealed that 73% of the positive samples were from cattle that were ≥2 years of age. These younger cohort of animals are also known to play an important role in maintaining the infection in the herd.
Multivariate analysis revealed that the significant risk factors associated with Cryptosporidium infection among the cattle were the deworming frequency, distance to human settlement, geographical zones in the country, and the farm management system. Animals that were dewormed every four months were at higher odds of infection with Cryptosporidium as compare to others that were dewormed at other intervals or those that were not dewormed at all. While the exact reason for this finding cannot be determined without further investigation, it is possible that exposure to anthelminthic drugs at this frequency effectively reduces the nematode burden which may be beneficial in eliciting a protective immune response against certain gastrointestinal pathogens. It has been shown that intestinal nematodes encourage the presence of certain protective microbiota in the intestines, and that deworming treatment reduced certain beneficial microorganisms, while increasing certain pathogenic microbes (Ramanan et al., 2016) .
This study has shown that cattle on farms that are situated ≤200 m from human settlement were more likely to be infected with Cryptosporidium. A number of studies (reviewed by Messenger et al., 2014) have indicated that enteric protozoal infection in animals may be anthropozoonotic, and have incriminated the close contact with animals and humans as a potential risk factor for infection in the former. These include animal infections with Cryptosporidium (Graczyk et al., 2001; Guk et al., 2004; Coklin et al., 2007; Dixon et al., 2011) , Giardia (Graczyk et al., 2002a; Coklin et al., 2007; Teichroeb et al., 2009; Ash et al., 2010; Johnston et al., 2010; Dixon et al., 2011) , Encephalitozoon (Graczyk et al., 2002b) , and Blastocystis (Noel et al., 2005) . The role of anthropozoonotic and zoonotic transmission of cryptosporidiosis in the ruminant livestock industry is of much concern as it has been known to cause economic losses, where infection in calves have been associated with considerable morbidity, mortality, and subsequent human reinfections (de Graaf et al., 1999) .
The finding that animals raised in the northeast zone of the country were at highest risk of infection compared to the other zones cannot be explained without further investigation into other environmental and farm based causative factors. It is possible that subtle differences in farm management or hosts factors may contribute to the higher infection rate among the farms in the north. It is well established that farm management practices, contaminated feed, water and surrounding environment, introduction of new animals, immune status of the hosts and grazing in infected areas are risk factors for infection (Mohammed et al., 1999; Farizawati et al., 2005; Lim et al., 2005; Karanis et al., 2007; Lim et al., 2007; Manyazewal et al., 2018) . It may be possible that farm management factors in the northeast (which constitute a large proportion of small-holder and rural farms) are not as adequate as that in other parts of the country and opens ground for more detailed epidemiological investigation.
The extensively reared cattle in this study showed the highest odds of being infected with Cryptosporidium. Our findings is contrary to that reported by Muhid et al. (2011) , which revealed that there was no association between prevalence of infection and farm management type. In addition, previous studies have indicated that the infection rates of Cryptosporidium are lower in extensively farmed cattle (Ralston et al., 2003; Santin et al., 2004; Geurden et al., 2006; Manyazewal et al., 2018) . However, it is not surprising that extensively reared cattle examined in this study possessed higher infection rates as transmission may occur from the contaminated grazing environment and adjacent water bodies that the animals may drink from. In addition, a majority of the extensively reared cattle in the country are allowed to graze freely in villages and agricultural areas like oil palm plantations. This exposes them to an environment that may be contaminated with the infective oocysts which may be of anthropogenic origin. This finding further supports our data that cattle closest to human settlements are also at higher risk of contracting the parasite, and corroborates earlier postulations on the anthropozoonotic nature of the infection (Graczyk et al., 2001; Guk et al., 2004; Coklin et al., 2007; Dixon et al., 2011) . It is also important to note that most of the extensively reared animals belong to the small holder and rural farmers, and are of poor health and nutritional status. These animals may also need to compete for resources which could lead to increase in stress levels. Animals that experience chronic stress may be immuno-compromised (Yang and Glaser, 2002) , and this may possibly lead to increased susceptibility to parasitic infection and other diseases (Tan, 2004; Zali et al., 2004) . It is well established that farm management practices and environmental conditions play a vital role in the prevalence of cattle enteric protozoa (Noor Azian et al., 2007; Tan, 2008) , which are linked to water and environmental contamination (Navarrete and Torres, 1993; Basualdo et al., 2000; Taamasri et al., 2000; Waikagul et al., 2002; Elshazly et al., 2007; Karanis et al., 2007; Li et al., 2007) . It is almost certain that a farm without adequate hygienic practices, veterinary care, nutritional management, and biosecurity measures will lead to an increase in enteric protozoa infection among the cattle.
It is interesting that all the cattle in this study did not display any obvious clinical signs of infection like diarrhea. This may be due to the fact the sensitive molecular technique employed in this study was able to pick out sub-clinical levels of parasitaemia. Asymptomatic shedding of Cryptosporidium oocysts is not uncommon and has been reported in cattle (Lorenzo-Lorenzo et al., 1993; Scott et al., 1995; Razakandrainibe et al., 2018) and Red deer (Skerrett and Holland, 2001) . While clinical manifestation may not be apparent, low-grade infection with Cryptosporidium could lead to suboptimal productivity, loss of weight, and inefficient feed conversion. As such, it is important that these sub-clinical infections be examined closer to determine if they are causing any negative impacts on the cattle industry in the country. Even though the zoonotic potential of Cryptosporidium detected in this study was not determined, the possibility of human infection from cattle excrement warrants further investigation. It is therefore imperative that veterinary and human health personnel be well acquainted with these zoonotic enteric pathogens in the country, and serious steps should be instituted for animal treatment and biohazard waste management on local and regional cattle farms.
